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1.0 Introduction 

This rapid assessment sampling protocol (RAP) was developed by the Penn State 

Cooperative Wetlands Center (CWC) during the development of Hydrogeomorphic (HGM) 

Functional Assessment Models. You are welcome to revise the protocol for use in other 

geographical regions, but please cite the original according to the above title.  Contact the CWC 

for additional information at the address listed above. 

 

This protocol is intended for characterization of wetlands or portions of larger wetlands 

approximately 0.4 ha (1 acre) in size. The protocol may be altered to accommodate wetlands 

larger or smaller in size.  All information is gathered along a series of transects on which grid 

points are evenly spaced at 20 m (65.6 ft) intervals.  A minimum total transect length of 100 m 

(328 ft) is suggested.  To adequately characterize a wetland of this size, 8 to 12 plots (grid 

points) should be established.  An absolute minimum of six plots should be characterized.  If the 

wetland is smaller than 0.4 ha (1 acre), grid points can be spaced at 10 m (32.8 ft) intervals to 

achieve the minimum of six grid points.  Note that if a grid is spaced at 10 m intervals, 

characterization of the tree community will have to occur at every other grid point to avoid 

overlapping of plots (see vegetation sampling portion of the protocol for more information).  If 

the wetland is significantly larger, grid points can be spaced at 30 m (98.4 ft) or 40 m (131.2 ft) 

intervals.  The orientation of the transects is discussed in more detail in a subsequent section.  If 

the wetland is located adjacent to a stream, at least one transect should cross the stream itself in 

order that stream topography can be characterized. 
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2.0 Field Sampling (all measurements to be in metric units, English units are provided for 

comparison only) 

Field sampling methods are presented in detail in the following sections, and are 

organized by activity type (i.e., mapping, plant sampling, soils, etc.).  The field sampling 

protocol is designed to provide all the necessary information for either rapid reference site 

characterization or Hydrogeomorphic (HGM) functional assessment.  The appropriate variables 

needed when using the protocol for HGM functional assessment are presented with the relevant 

portion of the field sampling protocol.  For example, the statement, “measure and record the 

height and radius for all shrubs”, indicates the part of the process by which the variables 

VBIOMASS, VREGEN, and VROUGH are developed.  Therefore, VBIOMASS, VREGEN, and VROUGH are 

indicated in parentheses after the portion of the protocol that describes sampling of the shrub 

community.  Expanded descriptions of each variable included in the HGM functional assessment 

process are appended to this RAP. The methodology assumes that general site reconnaissance 

has been completed prior to the initiation of field sampling efforts. 

 

2.1  Baseline and Base Map 

• Establish a baseline in an obvious and convenient location parallel to the long 

axis of the wetland, allowing some upland area between baseline and expected wetland area.  

Under certain conditions, it may be necessary to establish a baseline in the interior of the 

wetland (e.g., for reasons of visibility, etc.) 

• Starting and ending points should be marked with a reinforcing rod (rebar) or 

other obvious permanent marker.   

• The sketch or base map should include the following features (other important 

site features should be recorded as necessary): 

- North arrow 

- Position and endpoints of baseline 

- Length (to nearest m or ft) and azimuth of the baseline 

- Approximate location and length of transects, and distance between 

transects 

- Location and direction corresponding to site photographs 
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- Approximate wetland boundary (does not require jurisdictional 

determination) 

- Wetland vegetative communities that can be differentiated (to 0.04 ha [0.1 

ac]) 

- Adjacent roads, trails, utility lines, large depressions, debris piles, etc. 

- Features of hydrologic interest such as inlets/outlets, streams, culverts, etc. 

• A simple sketch map of the site, with the major features labeled, will be adequate 

for most applications.  However, if an accurate base map is desired and is not already 

available, one may be created using basic surveying methods (transit, plane table, stadia rod 

recommended).  These procedures are not described in this protocol, but are available from a 

number of resources. 

 

2.3 Transects 

• Using random number generator/table, select the end point of the first transect (to 

nearest 0.1 m or ft) on baseline.  Transects traverse the entire expected wetland area into 

upland on far side, or to edge of study area.  If the wetland is adjacent to a stream, at least 

one transect should traverse the stream if possible.  Transects are generally perpendicular to 

baseline. 

• The remaining transects are established at uniform intervals along the baseline 

(typically 20 m [65.6 ft], but 5 m [16.4 ft] or 10 m [32.8 ft] can be used on small sites or 40 

m [131.2 ft] on large sites).  Number of transects depends on area of wetland.  For each 

transect, record starting point on baseline. 

• Choose a transect that traverses a representative portion of the wetland as a center 

transect. There is no minimum length for the center transect, but it should traverse the study 

area up to a maximum length of 100 m (328 ft).  

 

2.4  Plots 

• Using the same intervals as the intervals between each transect, mark grid points 

(plot centers) along each transect with flags or stakes, keeping to one side (typically the right 

side) of the transect to avoid trampling vegetation sampling plots.  Sampling plots are located 
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at grid points along each transect.  Label as T1-1 (Transect 1 - Plot 1), T1-2, T1-3, ..., T2-1 

(Transect 2 - Plot 1), etc. 

NOTE:   In most cases, grid points along each transect should be positioned at the same 

intervals.  However if in setting up the sampling grid, a community type is not represented, plots 

may be established at shorter or longer intervals to characterize the omitted community.   

 

2.5  Plant Sampling (VBIOMASS, VEXOTIC, VREGEN, VROUGH, VSNAGS, VSPPCOMP)  

Plots are typically located on the left side of the transect to avoid trampling during 

characterization activities and grid layout.  If the left side of the transect is trampled or lies 

outside the wetland, affected plot(s) should be placed on the right side of the transect.  Three 

sizes of plots are used to record various measures of the plant community:  a 1 m2 plot, a circular 

plot with a radius of 3 m (10 ft), and a circular plot with a radius of 11.3 m (38 ft).  The plots are 

“nested”, meaning that the 1 m2 plot is inside the circular plot with a radius of 3 m (10 ft), and 

this plot is inside the circular plot with a radius of 11.3 m (38 ft). Plants should preferably be 

identified to species.  A representative sample of any plants that cannot be identified in the field 

should be labeled, pressed and brought back to the lab to be keyed out.  The activities in each 

plot are described separately as follows.  We recommend that a random selection of 10% of 

identified/collected species be kept as voucher specimens to confirm identifications 

independently. 

 Trees are defined as any single-stemmed woody species that are greater then 2 cm 

diameter at breast height (dbh).  Shrubs are defined as all multi-stemmed woody species, as well 

as single stemmed woody species that are less then 2 cm dbh.  Any woody species that are less 

then 0.3 m should be counted in the herb layer.   

 

1 m2 plot 

• Within each plot (2 m x 0.5 m; 6.5 x 1.5 ft), visually estimate the percent cover to 

the nearest 5% for dominant plant species.  Dominant species are defined as those plant 

species with percent cover estimates exceeding 5% in the 1 m2 plot.  Plant species that are 

present in the 1 m2 plot but have less then 5% cover should be included in the 3 m radius plot 
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or can be listed as “trace” in the 1m2 plot.  Record % cover and species name on data sheet 

(VREGEN, VSPPCOMP, VEXOTIC). 

 

3 m radius plot 

• To gather data about additional species for species richness, note any other 

vascular plants observed within a 3 m (10 ft) radius plot centered on the plot point.  Also 

record species in the 1m2 plot with less then 5% cover for later tally of total number of 

species and species list (VREGEN, VSPPCOMP, VEXOTIC).   

• Measure and record the height and radius for all shrubs (or clusters of shrubs) and 

saplings in a 3 m (10 ft) radius plot centered on the plot point (VBIOMASS, VREGEN, VROUGH).  

A shrub is defined as any single stemmed woody plant less than 3 cm dbh, or a multi-

stemmed woody plant regardless of height (e.g., rhododendron).  

 

11.3 m radius plot 

• In wetlands where mature trees are present (natural, planted, volunteer), use a 

Biltmore stick (or similar tool) to measure and record the dbh to the nearest 1 cm minimum 

for each individual within a 11.3 m (38 ft) radius circle centered on plot (note: dbh is defined 

as the stem diameter 1.3 m [4.24 ft] above the ground surface). Standing dead trees should be 

recorded as “snag” and the dbh measured.  (VBIOMASS, VEXOTIC, VREGEN, VREGEN, VSPPCOMP, 

VSNAGS ,). 

• Visually estimate and record both the percent herbaceous cover and crown 

closure within  the 11.3 m (38 ft) radius circle plot (VBIOMASS, VROUGH)   

• In wetlands where transects are 10m apart or where the information being 

collected is redundant with another plot due to overlap the tree data and visual estimates 

should be skipped for that transect. 

 

2.7 Soil Sampling (VORGMA, VREDOX, VTEX) 

• After transects and plots are mapped, select every other plot for locating soil pits. 

Soil pits should be characterized after vegetation sampling is completed at a particular plot to 
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minimize trampling of the vegetation.  A minimum of 3 soil pits in the wetland should be 

characterized for a wetland 0.4 ha (1 acre) in size.  . 

• Dig the soil pit to at least 0.5 m (18 in) within 2 m (6 ft) of the 1 m2 vegetation 

plot.  At 5 cm (2 in) and 20 cm (8 in) below the O horizon record the following on the data 

sheets: 

- The dominant matrix and mottle colors and percent mottling (VREDOX).  

- Direct observation of oxidized root channels.   

- An observation of the soil texture (sand; loamy sand; sandy loam & loam; 

silt loam & finer) using standard field method (see appended sheet) (VTEX). 

- Determine and record the relative wetness of soil. 

- Describe any other hydrologic or hydric soil characteristics observed that 

would indicate anaerobic activity such as gaseous emissions, strong gleying, or 

presence of histosols (refer to technical criteria in delineation manuals or other 

current sources). 

- Describe the soil profile in the pit (make sketch on data sheet of 

characteristics associated with the varying depths to nearest 1 cm or 1 in). 

 

• Collect soil samples for texture analysis and organic content (VORGMA) from the 

sides of the pit at 5 cm (2 in) or less and 20 cm (8 in) depths below the O horizon.  Fill at 

least half of a one quart Ziploc bag (250 ml [8 oz.] minimum) and label with date, site, plot, 

and depth information.   

 

2.8 Wetland Morphometry (VCWD-BA, VCWD-SZ, VMACRO, VROUGH)  

• Estimate the expected wetland area (nearest 0.1 ha or ac).  If the wetland is 

greater then 1.0 ha, estimate the area from aerial photographs.  

• Create a detailed microtopographic profile of the wetland by recording relative 

elevations (nearest cm) taken every meter on the center transect with a 100 m (300 ft) tape 

and transit and stadia rod (or comparable method).  The location of the transect profile 

should be recorded on the map (VMACRO, VROUGH). 
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• Walk the center transect and count and record the occurrence of downed woody 

material that crosses the transect (VCWD-BA, VCWD-SZ).  If center transect is less then 50 m 

then multiple transects may be walked and results tallied separately for each transect.  

Record the length of each transect in meters and indicate the transect number.  Remember to 

keep to one side (typically the right side) of the transect to avoid trampling vegetation 

sampling plots.  Downed material should be tallied by the following size classes:  

Branches and Fallen Saplings (1-12 cm; 0.4-4.7 in. diameter) 

Trees (>12-40 cm; 4.7-15.6 in. diameter) 

Large Trees (>40 cm; 15.6 in. diameter) 

 

2.9  Stream Map (when applicable) 

• For floodplain sites, walk a 100 m stream section noting all inlets and outlets.  

Include a rough sketch of the stream–wetland complex. 

 

2.10  Photographs 

• Establish at least three, numbered, permanent photo stations per wetland.  One 

should be a general overview of the site from an accessible vantage point.  Another must be a 

view of typical vegetation in the study area.  The third photograph should be taken of the 

central transect from the instrument.  Additional photographs of:  typical plots, examples of 

hydrologic indicators, unusual and problem areas, aerial photographs, etc. are recommended.  

Mark photo stations on the map, including a directional arrow. 

 

2.11  Faunal Sampling (VFWD, Function 11) 

• Record direct and indirect observations of wildlife, fish, and macroinvertebrates 

during the course of site visits (e.g., animals, tracks, scat). 

• Using a suite of 10 modified habitat models, which together form a Wildlife 

Community Habitat Profile (Brooks and Prosser 1995). Assess the suitability of the habitat 

for vertebrate species in late summer or by the end of the growing season.  Model species 

include the bullfrog, muskrat, meadow vole, red-winged blackbird, common yellowthroat, 

American woodcock, green-backed heron, wood duck, wood frog (VFWD), and southern red-
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backed vole.  Assess all species for each site, even if a species is not likely to be found at that 

particular wetland.  For the muskrat, select between marsh or stream models based on 

conditions at the immediate sample site. 

• Two individuals must evaluate the habitat independently.  If their values are 

greater than 0.3 units apart, they must negotiate the difference.  The average of their values 

will be recorded.  Values are standardized on a 0.0 - 1.0 scale.  See Brooks and Prosser 

(1995) for models and sampling details. 

 

2.12 Stressor Checklist (VHYDROSTRESS, VUNOBSTRUC) 

For each site a stressor checklist must be filled out.  Check indicators that are present at 

the site for each stressor category.  A stressor score is calculated by totaling the number of 

stressor categories checked. The average buffer width around the site and a characterization of 

buffer type is also recorded to determine a buffer score. 

 

2.13 Landscape Interpretation (VAQCON, VGRAD, VMPS, VSDI, VUNDEVEL, VUNOBSTRUC) 

For this information, previous work at the CWC (Brooks et al., 1997) has utilized a 1-km radius 

circle around each site to provide the necessary landscape information.  This size area was selected 

because it readily encompassed contributing watershed area for most wetlands, data were relatively easy 

to obtain, and a 1-km circle matches many biological sampling regimes.  The landscape within a 1-km 

radius circle of each wetland is characterized based on interpretation of 1:40,000, color infrared, aerial 

photographs.  Areas are mapped using seven cover type categories:  developed, agricultural, barren, 

shrub, forest, wetland, and open water.  Once data are digitized, a modified version of the SPAN (Spatial 

Analysis) computer program can be used to process and quantify a number of landscape characteristics: 

diversity, dominance, contagion, length of forest/nonforest edge, and percent cover, average patch size, 

and number of patches for each cover type category.  
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Variables Utilized in the Hydrogeomorphic Functional Assessment  
 

VAQCON  

Definition:  The degree of aquatic connectivity (streams, wetlands, water bodies) in a 1-

km radius circle. 

 Protocol:  Composed of the following three sub-variables: 

100FLOOD – presence of wetland in 100 year floodplain (score 0 or 2) 

STR INDEX – presence of streams in 1km radius circle (score 1-4) 

NEAR DIST – distance to nearest NWI wetland (score 1-4) 

These are totaled to get a score between 0 and 10, which is converted into the variable 

subindex. 

 

VBIOMASS – made up of three sub-variables 

Definition:  A combination of percent cover of trees, shrubs, and herbs is used to indicate 

vegetative biomass at the site as well as an indicator of vegetative cover in the roughness 

variable. A complete explanation of each of these subvariables follows the general 

protocol for calculating VBIOMASS. 

Protocol:  

% tree – Use the dbh of all trees and saplings in a 11.3 m radius plot centered on plot 

point to calculate basal area. Average basal area per plot is divided by the total plot area 

to get a % basal area per plot. This percentage is standardized to make it comparable to 

shrubs and herbs. 

 

% shrub - Record the height and a circular projection of cover (crown) for all shrubs and 

saplings in a 3 m radius plot centered on the plot point. % Cover is calculated by using 

the radius to calculate area and finding an average shrub area per plot.  This is divided by 

the total plot area to get % shrub area per plot.  

 

% herb – Estimates of the percent herbaceous cover within a 11.3-m radius circle 

centered on sampling plots are made visually and recorded. 
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% tree - using in combination with shrubs and herbs 

Definition:  The percent basal area of vegetation in the tree stratum.  Trees are 

defined as single stemmed woody plants with a dbh greater than 2 cm dbh.  

Protocol:  Percent tree requires recording the dbh of the trees present in 11.3-m radius 

plot 

 

% shrub  - using in combination with trees and herbs 

Definition:  The percent cover of vegetation (including tree reproduction) in the shrub 

stratum.  A shrub is defined as any single stemmed woody plant less than 2 cm dbh, 

or any multi-stemmed woody plant regardless of height (e.g., rhododendron).  

Protocol:  Measure the height and a circular projection of cover (crown) for all shrubs 

in a 3-m radius plot centered on the plot point.  

 

% herb–using in combination with shrubs and trees 

Definition: Percent cover of persistent herbaceous vegetation (including tree 

reproduction) in the herbaceous stratum. 

Protocol:  Estimates of percent herbaceous cover within an 11.3-m radius circle 

centered on plot are made visually and recorded. 

 

VCWD – split into two variables, estimate of basal area (VCWD-BA) and abundance 

(VCWD-SIZE) 

VCWD-SIZE – presence of CWD in each of the size classes. 

Protocol:  Count the occurrence of downed woody material that crosses the central 

transect in the following size classes: 

Branches and Fallen Saplings (1-12 cm; 0.4-4.7 in. diameter) 

Trees (>12-40 cm; 4.7-15.6 in. diameter) 

Large Trees (>40 cm; 15.6 in. diameter) 

This number is divided by the length of the transect to calculate a number per unit 

area. 

 

VCWD-BA – An estimate of area covered by CWD.   
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Protocol: An estimate of average basal area is calculated for each size class above 

using the midpoint of the two smaller size classes, 6.5 cm (2.5 in.) and 26 cm (10.5 

in.), respectively.  The basal area estimate for the largest size class is determined by 

averaging the dbh of live trees >40 cm (16 in.) in diameter at the site. 

 

VEXOTIC 

Definition:  Ratio of native vascular plant species to exotic and invasive vascular plant 

species present at the site. 

Protocol:   A plant list is generated for each site using data recorded in 1 m2, 3-m radius, 

and 11.3-m radius plots.  The ratio of native vascular plant species to exotic and invasive 

vascular plant species is calculated to determine % of species present that are invasive. 

 

VFLOODP 

Definition:  Opportunity for flooding and actual evidence of flooding at a site. 

Protocol:  Possible indicators would include such things as, visual assessment of whether 

or not the site is experiencing flooding, measurements of bankfull width and floodprone 

area.   

 

VFWD  

Definition:  A visual estimate of depth of litter layer from HSI models. 

Protocol:  Use score from variable three in the woodfrog habitat model (see Brooks and 

Prosser 1995). 

 

VGRAD 

Definition:  An indicator of the elevational gradient of the topography up and down 

stream from a floodplain site. 

Protocol:  A count of the number of contour lines that are crossed by a stream 1 km 

upstream and 1km downstream from the site using topographic maps.  

 

VHYDROCHAR 
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Definition:  Characteristics at a site that would indicate hydrology is typical of reference 

standard conditions 

Protocol: Indicators such as monitoring well data, or visual assessments of hydrologic 

conditions that are typical of a non-riverine system could be used here. 

 

VHYDROSTRESS 

Definition:  Modifications and stressors that may affect the hydrology of a site. 

Protocol: Count of the number of hydrologic modification indicators from the stressor 

checklist. 

 

VMACRO  

Definition: Macrotopographic relief is used to indicate potential extent and depth of 

water that can be stored by inundation in pits and/or other depressions. 

Protocol:  Identify and count the number of macrotopographic depressions 

encountered along the microtopography transect.  Macrotopographic depressions are 

defined as depressions that are at least 15 cm deep for 1 m in length along transect. 

Divide the total length of all macrodepressions by the total length of the transect to 

get a percentage. 

 

VMFPS 

Definition:  Mean forested patch size in a 1-km radius circle around the site 

Protocol:  Subindex scores are calculated by dividing the patch size of forested area by 

the total possible patch size (i.e. if the site was 100% forested).   

 

VORGMA  

Definition: The amount of organic matter in a sample taken from the top 5 cm of the soil 

pit (below the organic layer). 

Protocol:  Organic content of the top 5 cm of soil sample for soil pit as determined by 

ashing.  

 

VREDOX  
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Definition: The presence of redoxymorphic features in upper portion of the soil profile. 

Protocol: Determine from the direct observation of soil characteristics at soil pits. The 

chroma of the mottles and the matrix are used as indicators of soil moisture conditions. 

 

VREGEN   

Definition:  The evidence of regeneration of dominant canopy species in each stratum. 

Protocol:  Examine shrub and herbaceous layers for evidence of regenerating tree 

species. Trees less than 10 cm dbh are considered in the shrub/sapling layer. Sites are 

scored based on the presence of trees in the herb, shrub and tree layer. 

 

VROUGHNESS 

Definition:  This is based on Manning’s roughness coefficient (Arcement 1989), and uses 

a composite weighting score based on source of flow resistance at the site (CWD, 

microtopography, and vegetation) 

Protocol:   This variable is a combination of the variables VCWD, VMICRO, and VBIOMASS.  

However, scoring  of each variable is scaled slightly differently than when it is 

considered as an independent variable.   

 

VMICRO  

Definition: Microtopographic complexity is expressed as areas in the wetland that will 

retain water in a network of pits and/or other topographic low spots. This variable is used 

only as a subvariable in VROUGHNESS. 

Protocol:  Identification of elevation changes encountered along the central transect 

measured at 1 m intervals to nearest 0.00 m using Abney level (or builder’s level, or 

transit), stadia rod, and 100 m tape.  Performed on a representative transect, with a 

maximum transect length of 100 m. 

 

VSDI 

Definition:  An index of land use types in 1 km radius circle using the natural log of 

Shannon’s Diversity Index. 
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Protocol:  The natural log of Shannon’s Diversity Index of land use types is standardized 

to give a score between 0-1.   

 

VSNAGS   

Definition: The presence of dead standing trees in each diameter size class. Size classes 

are: 0-12 cm, 12-28 cm, 28-40 cm, >40 cm. 

Protocol:  Record the number and dbh of erect dead woody material in the 11.3-m radius 

plot . 

 

VSPPCOMP  

Definition:  Use the % of the maximum possible Floristic Quality Assessment Index 

(Andreas 1995)(hereafter, adjusted FQAI) at each site. 

Protocol:   Create a species list for each site and calculate the adjusted FQAI score 

(heareafter, adjusted FQAI) using the following equation: 

 

Adj FQAI = (R/√N)  

                   (10 * T/√T) 

where:      

Adj FQAI = % of the maximum possible FQAI 

R=sum of the COC scores for natives 

N=number of different native species recorded 

T=total number of different species at the site (natives + exotics) 

 

VTEX  

Definition:  Soil texture, determined by feel (using standard field methods). 

Protocol:  This is based on direct observation of soil characteristics in the soil sample pit. 

 

VUNDEVEL 

Definition:  An index of the amount of area not developed in a 1-km radius circle 

surrounding the site. 
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Protocol:  Made up of % urban area and road density in 1-km circle around the site.  Each 

of these is scored separately then averaged together to come up with VUNDEVEL. 

 

VUNOBSTRUC 

Definition:  An index of the amount of area in the landscape around the site and actually 

at the site that does not have modifications that would affect the natural hydrology. 

Protocol:  Average scores determined from road density, % urban area in 1-km circle, 

along with score from VHYDROSTRESS. 
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